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RESEARCH MEMORANDUM

A SIMUTATOR STUDY OF SOME LONGITUDINAL STABILITY AND
CONTROL PROBIEMS COF A PILOTED ATRCRAFT IN FLIGHTS
TO EXTREME ALFTTUDE AND HIGH SFPEED
By Howard F. Matthews and Robert B. Merrick

SUMMARY

A brief study utilizing pllots to "fly" a simuletor has been made of
same longitudinal stebllity and control problems of an assumed alrcraft
capable of flights to altitudes essentlally out of the atmosphere. The
results show that more than the inherent longltudinal damping of the air-
craft 1s necessary to effect a safe flight, particulerly during entry into
the atmosphere. With a favored amount of additional damping, large changes
in control sensltivity and period are eccepteble., With this amount of
damping provided, no strong preference was expressed for monitoring any
particular quantity (a.t'bitude angle of attack, or combinations thereof
with normal acceleration) d.m-ing the entry. Some data applicable to
instrumentation and flight programming show that the peak altitude 1s
considerebly more sensitive to constant errors in angle of attack thanin
attitude during ascent.

IRTRODUCTION

In recent years the development of high thrust, liquid-fuel, rocket
engines has progressed so that a new phase of flight of a manned vehicle

appears posaible - that of flight essentially out of the atmosphere to
several hundred thousands of feet and to Mach mumbers near 6.

Besides problems in the fields of luman behavior, heat dissipation,
ete., such a flight poses stabllity and control problems assoclated with
high altitude and high Mach mmber. One such probléem i1s whether
longltudinal-stabllity augmentation in the form of additional demping must
be added to insure a safe ascent and entry into the atmosphere, This
question provided the primery impetus for a brief simulator investigation
of the longitudinal stebllity and control of an assumed high performance
alrcraft in flights to extreme altitudes, Inadd.itiontodete:miningthe




importance of increased damping, the effect of changes 1n perlod, control
sensitivity, and plloting technigque was also examined. The simulation was
conducted 1n real time using three NACA Ames engineering test pilots,
vhose aggregate experience in flight test work was 18 years, to fly a
simulator by instruments to a presalected flight plan. Thus the results

are based, 1n part, on pilot opinion.
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v velocity, It/sec

b . wing span, £t
c wing section chord, T't
L‘bla c2ay
¢ wing mean aerodynamic chord, cym » Tt
ew
g gravitational acceleration, 32.2 ft/sec?
altitude, £t
1 incidence of stebllizer
m mess, slugs
ng normal acceleration factor, g
q dynemic pressure, % pV2, 1b/eq £t
t time, sec
y lateral coordinate of wing sectlon chord, £t
o angle of attack
4 flight path angle
Bcs angular deflection of control stlck, positive stick back
g demping ratio
0 pltch attitude angle, o + 7
density of air, slugs/cu Tt
w naturel frequency
Subscripts
a alrpleane
S plteh rate gyro



o steady state
)2 potentiometer
8 Bervo

All angles are in radisns unless otherwise noted. A dot (°) above a
symbol. represents the first derivative with respect to time,

THE SIMULATCR AND PERTINENT ASSUMPTIONS
Description of the Simulator

The similator can be considered to be composed of three parts, which
with the pilot, form a closed loop system. These parts are a panel of
flight instruments for vieual observation by the pilot; a pilotts control
stick; and an analog computer to solve the necessary equations describing
the pitching motion, position in space, and changing mass characteristics
of the aircraft.

The instrument panel.- Figure 1 1s a photograph of the instrument
panel and pilot's control stick. From left to right and top to bottom on
the panel, the instruments are flight path, ahgle of attack, normal accel-
eration, Mach mumber, dynamic pressure, gyro horizon, rate of climb, and
altitude., The gyro horizon was similated by a standard 5-inch DuMont
oscilloscope. On tha face of the oscilloscope can be seen a broken hori-
gontal Iine representing the airplane and a vertical scale calibrated to
glve the attitude in degrees. The intense light of the flash when the
photograph was taken obliterated the horizamtael line generated by the
beam of the scope to represent the horizon,

The flight instruments were simulated by voltmeters upon which appro-
priate acales bad been drawn. All scales of angular quantities were in
degrees, altitude in thousands of feet, climb in thousands of feet per
mimite, and dynamic pressure in pounds per square foot.

The two switches in the upper right-hand corner of the instrument
panel are for the pilot to operate at his discretion., The use of the
upper switch (speed breke) 1s self-explanatory. The lower switch (space
control) when "on" introduces a mament into the pitching-moment equation
which 1s propoxrtional to the pilot's control stick deflection and is
independent of dynamic pressure., This moment simulates that of a Jet type
of control and 1s used to change the attltude of the alrecraft at altitudes
vwhere the density of the alr 1s negligible,
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The pilot!s control stlck.- The pllot's control stick wes & Sperry
Flight Controller, Type No. B-%, commonly known as a formation stick.
Its characterlistics were:

(a) Maximum deflection: 25° resrwerd, epproximetely 16° forwerd

(b) Restoring moment: 12-inch ounces per degree

(c) Time to return from 25°: 0.5 seconds to 12-1/2°, 4.0 seconds
to neutral

The ratio between the stablillzer incldence and the pllott!s control stick
deflection was -1.6 unless otherwlse noted.

The 'analog computer.- The enalog computer was of a standard type
employing d-c operstlonsl amplifiers, servo-driven multipliers, and Reeves
rotating drums modified for use es one-varlsble-input-function generators.
These generators had an sccuracy of about 1/10 of 1 percent full scale and
two were used to cover the density renge from an altitude of 30,000
to 200,000 feet (the density of ailr ebove 200,000 feet was a.ssumed. to
be zero)

The Equations of Motion

The three-degree-of-freedom longitudinal equations of motion about
the wind exis used are

mﬁ}=Tcosm-%pVZSGD-mg_sin7 (1)
--V_c;-s_z)= 1 _
mV('r AT T sin o + 3 pV=SCr, ~ mg cos 7 (2)

as _ !: - =15 __Te T o
Iyé =35 pVese Crm, &+ Cmit:Lb + Cm-é_§+ Cm&c; 2v| " 63.8 12 + k0008, 4 (3}
2V 2V

with the denslty belng obtalned from a density-elititude relationship,
Initial conditione, and the solution of the equation

h=Vsiny (%)
TR,
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The simultaneous solution of these equations glves the time history of
the altitide, flight path, and pitching motion of the aircraft.

Several of the terms in equations (2) and (3) are not included
normaelly but were retalned hereln because of the high performance of the
assumed alrecraeft. These are:

mvV2cos ¥
R+h

of the wind axis with respect to a fixed earth axls system. For the

maximum veloclities and altltudes subsequently reached in this study

the magnlitude of this term was small, being about twlice that of the
omitted change in the gravitational effect wlth altitude.

(b) The deamping term, - %'15, in equation (3) vhich arises from

(a) The term, , in equation (2) which arises from the rotation

expending fuel (see ref. 1). The value of the constant used is based
on certaln gecmetric and propulsion properties of the assumed alrereft.

(c) The moment proportional to thrust, - %2-, in equation (3) to simu-
late a possible l-inch thrust misalinement with the center of gravity.

(d) A constant multiple of the control stick deflection, 41&000825 ’
in equation (3) to simulate the operation of a jJet-reaction control
(space control) for use at extreme altitudes. The megnitude of the
constant was selected so that full rearward deflection of the pilotts
control stick gave 2° per second squared angular acceleration of the
alrcreft after all fuel was expended.

Note also that the simplification of substituting

ge
gz * mgz Jav
2V 2
for
&e &8
“me oV * Tmez 2V
2V 2v

was made in equation (3) because of the limited capacity of the analog
camputer, :
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Assumptions

Atmospheric characteristics.~ The varlation of temperature (for the
camputation of M) and density with altitude wes teken from the tebles of
the Internationsl Civil Aviation Organization Standard Atmosphere (ref. 2)
up to and including 20 kilometers (65,250 feet). For altitudes of
26 kilometers (85,306 feet) and ebove date from rocket soundings (ref. 3)
were used., The characteristics between these two altitudes were obtalned
from a graphical felring. :

The elrcraft and 1ts characterlstics.- The trianguler-wing model of
reference 4 was used as belng a representative alrcraft for this study.
A sketch of this alrcraft and the assumed pertinent dimensional, mass,
and propulslion characteristics are given in figure 2.

The 1ift and drag cheracteristlcse shown in figure 3 were cbtalned by
falring, interpolating, and extrapolating the data given in references ll»,
5, and 6. Only the positive lift-coefficient data are shown, the negative
being & mirror image sbout the Cy = O line. A ACp of 0.1, Independent
of Mach number, was added to simulate opening of the speed brakes.

The pitching-moment date of figure 4 were estimated, data below a
Mach number of 2 not being included because of the limlited capscity aof
the computer. For thls reason, also, an average value of the speed of
sound of 1,000 feet per second was used in computing the demping parsmeter,

Variables affecting pilot opinion.- In generel, the variables affect-
ing pilot opinion are the control-force characterlstics, pllot motlion
stimall, and the dynemices of the alrcreft. Because of the large msgnitudes
of longltudinal acceleration posslblie,it was surmlzed that & formastlon
stick or simlilasr control would be moved by wrist ectlon from a restralned
arm. Thus, it was anticipated that the stick-force characteristics would
be of secondery importance, and therefore are unchenged wlth respect to
the deflectlion of the stlck throughout this investigation. Since this
study was exploratory in nature and simpliecity was importent, physlcal
motion of the pilot in pitch was not added to the simrlstion. From a relea-
tive importance viewpolnt this omlssion as well &s the invarlance of the
force characteristics are Justified by the results of reference 7.

The remsining and most lmportant varisbles are those of the dynamics
of the sircraft as menifested through the monitored quantities. These
variables are agssumed to be the perlod, demping ratlio, and control sensi-
tivity (V7/8.g being used es & measure of this quentity) of the short-
period mode of the augmented alrplene., For subsequent correlation pur-
poses formulas epproximating these characteristics were developed 1n the
usuel manner by first linearizing the normal-force and pitching-moment
equations to gilve in operator notetion
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2 2

where the angles .are now perturbations about the steady state. The neces~
sary serodynamic transfer functlions were found eessily from the above
equations to be

cmit T co8 ag -

a8 ) D
- g
Cm,, v T uv lg, 1+T°°B%+qsc
8 - mv mV
it = —

T cos agp S . g8c ¢ T
=00 %0 98 o, - 8¢ . SR S |
Wt mv Cla T Ty \mgs Cm&;::)av " &3.61y
av 2

D2
1+ D+ —
gsSc --ﬂcmm
"f;’cmu‘ Iy
. —
and
V7 V4
6 1+ D
co8 ag q_S
-
mv +mV

The well-known techniques of servomechenism theory were then spplied to
obtain the characteristics of the alrplane-autopilot combination., An
illustrative block dlagrem of the slmplified sugmented control system
assumed herein and the resulting dynamic characteristic formulaes follow:

SRR
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or control sensitivity, .
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damping ratio,

T qs ' sc
o ©O° %o * 3y %'gf{(cm" cmaf)av 63. 8:[ et (%e¥e) T IY Coy
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RESULTS AND DISCUSSION

Ta )
[
o=

Preliminary Comsiderations

Prior to the pllots'flying the simulator, a number of programmed
exploratory flights were made for the purpose of selecting some few as
standards for pllot-opinion evalustion. An exasmple of such a flight 1s
illustrated in figure 5 for which it was assumed that the sircraft wes
initially released from & "mother™ airplene at M = 0.6 and an altitude
of 35,000 feet, with angle of attack being program.ed in the manner shown.
In figure 5(b) are plotted the three parameters which are assumed to char-
acterize the dynamlcs of the alrcraft and to influence pllot opinion.

From a control aspect such a flight meay be divided roughly into
ascent to the upper atmosphere (defined herein as 200,000 feet and sbove),
the ballistlc trajectory in the upper atmosphere, and the entry into the
denser lower atmosphere and establlislment of level flight. Since the
problems sssoclated with each of these divisions were not of the same
magnitude and the simulator had to be run at true time, it was expedient
to ilnvestigate them separately. These preliminary runs also indlcated
that entry was the most difficult to control, probably due to the more
rapid change in the dynsmic characteristics; therefore this phase of the
flight was examined 1n considerably more detall than the others.

Certain results of the survey of programmed entry flights are sum-
merized In tgble I. These resulte were obtained by beginning the entry
at an altitude of 200,000 feet with approprlate inltial conditions from
zenith, Shown in figures 6, 7, end 8 are representative time historiles
of the three types of programmed flights noted 1n the table. Of particu-
lar interest 1s that the constant attitude entry, which has automatic
control advantages, inherently progrems the angle of attack In such a
mammey a&s to result 1n relatively low accelerstions.

The programmed entry of figure 6 was selected as an initlel reasonsble
standard for the pilot to match. The speed-brakes-off condltion was chosen,

L Y
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since, besides simulating the posslble fallure of the brakes, 1t also
approximately represents condltions vherein e descent is mede from a con-
siderably higher altitude at higher accelerations with speed brakes on.

Entry

Effect of increased dsmping.- A representeative "plloted" standard
entry flight without artificial damping is shown in figure 9(a). For this °
end ell other flights the pilot wes requlired to correct an inltial error.
In general, all three pllots developed gufficient proficiency by practice
to effect an entry compareble to that shown in the flgure 1f, as shown by
the 1t record, no effort were made to demp out any oscllletlons. How-
ever, a8 illustrated in figure 9(b), any attempt to reduce the magnitude
of the motions of the alreraft by corrective movements of the stebllizer
by the pllot frequently led to intenslifylng the oscillatloms to destructive
magnitudes, For thls reason the pllots were unanimous in thelr opinion
that additional demping by artiflclal means was necessary.

Plotted 1n figure 10 are the dynamlic charecteristics of the aircreft
Tor the standerd entry flight with end wlthout artiflelsl damping. Fig-
ures 11(a), (b), end (c) ere time historles of representative piloted
£lights for each of the feedbeck gearings noted in figure 10. These
results show progressively less difficulty in controlling the angle of
attack and normal acceleration as the demping is increased. The pllots
rated the lowest gearing acceptable but consldered as desireble the damp-
ing provided by elther of the two highest feedback gearings and a slight
preference was shown for the 0.6 value,

It should be noted that the lncressed dempling was obtalned without
the use of a gain changer and that the control motions necessery to provide

the damping (KgKgd) were only a meximm of 3.5°.

Effect of period and control sensitivity.- Since the previous results
indicated that addlitionel damping wes necessary, the effect of period and
control sensitivity was determined by using the entry flight with a feed-
back gearing of -0.6 as a revised standerd for comparison., Figure 12 shows
the computed dynemic entry characteristics for the two extremes in period
investigated as compared wlth the revised standard. The changes 1n the
values of Cmu', Cmi_b, and feedbeck gearing necessary to achieve the veria-~

tion in period only ere also noted in the figure. Representative time
historlies of piloted flights for the two changes in perlod are not given
since they differ little in appearance from figure 11(b).

The pilots! conclusions on the effect of the change in period were

not entirely in agreement. One expressed a mild preference for the longer
period. Another considered the longer perlod as being too long and would
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heve chosen the shorter perliod if it had somewhat greater dasmping. In
general, the pilots favored the combination of dynamic characteristics
glven in figure 11(b) and used here as the revised standard.

This revised standard entry flight also was made with a decrease in
the sensitivity of the control from a i4/8sg Of -1.6 to -1.0. However,
no marked preference was given by the pllots for the less sensitive
control.

Pilot opinion correlstion.- In figure 13 are shown partial results
of a Cornell Aeronautical Iaborstory pilot opinion flight evaluation of
variations in the longltudinal shori periocd dynamic characteristics using
a variable-stability F-9k airplane (ref. 8). The dashed boundary lines,
ratings, and pertinent pilots' objections were taken from the referenced
report and are specified for a fighter-type aircraft. The rating of
"unacceptsble" refers to the aircraft’s inability to accomplish its mission
as a fighter and not necessarily that it is unsafe to fly.

Plotted as overlayed solid lines in figuré 13 and identified by num-
ber or letter are the computed dynamic characteristics from figures 10
and 12 for the constant nz portion of the entry. The assoclated pllots!
opinions have been glven in previous paragraphs and briefly are that the
lowest desmping ratio was clearly unsatisfeactory and that an average damp-
ing retio of 0.6 and a frequency of 0.3 cycles per second was preferred
over the other acceptable combinations tested. It is apparent that the
Ames pllots' oninions would match those of reference 8 more closely but for
the tendency of the Ames pilots to upgrade the lower frequencies. However,
although a lower frequency may be unsatisfactory for a fighter aircraft,
it may be satisfactory for the instrument flying required for the type
of flights considered herein.

Comments on entry technique.~ During the course of this investigatlon
some flights were made monitoring different quantities during the entry
for a feedback gearing of -0.6 and the normal pitching-moment aerodynamics.
These additionsl quantities were maintaining constant attitude to a specl-
fied normal accelerstion and maintaining constant attitude all the way,
the attitude being indicated by the moving line on the scope (gyro hori-
zon) representing the horizon. In general, reference to attitude rather
than angle of attack was preferred, although not strongly, wilith constant
. attitude all the way selected as best, The pilots' reasons for these
choices were that attitude gave a quicker indication of the airplane's
dynamic motion than angle of attack; and that with attitude alone they
were relieved of making at the proper time the transition from monitoring
the gyro horizon or the angle-of-attack indicator to monitoring the
normal accelerometer, - : ' ' T '

Additional flights also were made to asssess the use of a gyroc horizon
wherein the line generated by the beam on the scope represents the air-
plane rather then the horizon. This type of presentation was favored by



NACA RM AS6FOT GONFDN i 13

a majority of the pllots, since the sense of movement of the line now
corresponded to that of the angle-of-attack Indicator and the normal

accelerometer,
Control in Ascent and the Ballistices Trajectory

Thrust misalinement.- Although the correctlon of eniry control dif-
ficulties by means of increased damping would eppear to eliminate dynamie
problems during ascent, a few fllghts, nevertheless, were made to observe
the effect of a l-inch thrust misalinement. For this purpose an ascent
programmed similar to that shown in figure 5 was used as a standard for
the pilot to match., However, as noted previously, it was not possible to
program on the computer the pitching-moment characteristics below a Mach
number of 2, Thus, of necessity, the ascent was begun by the pilot at
M = 2 and an altitude of 53,000 feet with the task of holding zero angle
of attack,

In figure 1l sre shown the results of such a piloted flight. From
these data it is seen that the pilot could not prevent an appreciable
pitech~up in angle of attack from occurring after burnout due to the long
period and low control effectiveness, However, the low dynemlc pressure
at the altitude of burnout, which 1s the primary cause of the poor control-
lability, offsets the large change in angle of attack so that the effect
on the accelerstion is negligible, It is surmized that if burnout had
occurred at & much lower altitude, a similar end result on acceleration
would be obtained for the pllot would now have sufficient control to pre-
vent a large change in angle of attack,

Pesk altitude control.-~ Durling the piloted flights of ascent a sig-
nificant variation in the pesk altitude reached was observed for repested
flights, These differences were traceable primasrily to the inablility of
the pilot to maintain precisely zero angle of attack throughout the ascent.
Since a higher peak altitude accentuates entry problems, it was of inter-
est to determine the sensitivity of the meximum altitude to errors in the
angle of attack or other monitored quantities, Plotted in figure 15 are
gome results obtained slong this line for ascents simllar to that shown
in figure 5 whereln the deata for attitude control were obiained by using
the same initlal conditions (M = 2, h = 53,000 £t) as for angle-of-attack
control. It is seen from the flgure that the peak altitude is gbout four
times as sensitive to constant errors in the programmed angle of attack
as to constant errors in attitude. This is of some importance in instru-
mentation and flight programming.

Control during ballistic trajectory.- As noted previously, control
during this portion of the flight (space control) is assumed to be by
means of a small jet on a lever arm to provide a moment. The magnitude of
the moment used herein was such as to resuit in 0.08° per second sguared

PONFIDENTIN
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sngular acceleration for each degree of stick deflection or 2° per secand
squered meximm. Since there are nelther dasmping nor restoring moments,
some difficulty in control was anticipated but did not materlalize. For
exemple, figure 16 shows a representative flight in this region wherein
the pllots'! assignment was to maintain zero angle of attack to peak alti-
tude and then change to 20° and hold for entry., As is evident from the
flight simulator record, no difflculty was encountered in accomplishing
this task for a single degree of freedom.

CONCIUSIONS

A brief Iinvestligetion of some problems associated with the longitu-
dinal control of an assumed high-speed aircraft in flights to altitudes
essentially out of the atmosphere has been made by mesns of pllots "flying"
a gimulator, From the results of this study the following conclusions are
drawn: '

l., Additional damping of the alrcraft by artificial means must be
provided to effect a safe flight, particularly during entry into the
atmosphere, A favored asmount of additional damping is that which will
give about 0,6 eritical demping near the entry pull-out altitude of
83,000 feet.

2. With a favored amount of additional demping, the pilots report
large changes in period-and control sensitivity are acceptable.

3. With edditional demping provided, the pilots mildly favor moni-
toring constant attitude =zll the way during entry rather than maintaining
congtant attitude to a specified normal sccelerstion or maintaining
constant angle of attack to a speclfied normal acceleration. .

4, The constant attitude entry has advantages besides ease of auto-
metic programming in that it inherently programs the angle of attack in
such a manner a8 to result in relatively low longitudinal and normal
accelerations.

5. The peak altitude reached ls consldersbly more affected by con-
stant errors in angle of sttack than In attitude during ascent., This fact
is of some importance in flight programming and instrumentation.

6. No difficulty is encountered in single-degree-of-freedom control
during the ballistle portion of the trajectory.

Ames Aeronautical Laboratory
Naetional Advisory Committee for Aeronautics
Moffett Fleld, Calif., June T, 1956
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TABIE I.- RESUME (FF PROGRAMMED ENTRY RESULTS
Descent
fram
peak Type entry Speed brakes cn Speed brakes off
altitude
of
ey | (name @) | /O | Vhnax | ppentes | man o3 | VF/max | (78D ma
a = 15° to ngx = 3.0 1120 b7 1.8 2.6 200 5.6 2.0 1,2
3.5 1020 4.8 2.3 2.6 1700 5.6 2.4 1.2
b0 950 k.9 2.6 2.6 1k30 5.6 2.8 1.2
k.5 880 %,0 3.1 2.6 1270 5.6 3.4 1.
5.0 820 5.1 3.5 2.7 1120 5.6 3.8 1.5
o = 20° to ng = 3.0 830 4.8 1.7 2.2 1310 5,6 2.0 .9
3.5 T10 4.9 2.1 2.1 1410 5.6 2.k 1.0
L,0 630 k.9 2.6 2.1 800 5.5 2.8 1.2
h,5 570 5.1 3.0 2.2 T20 3.5 3.3 1.
26:,030 5.0 550 5.1 3.k 2.1 660 5.% 3.7 1.6
h a = 25° to ng = 3.0 670 b7 1.6 1.9 960 5.M 2.0 .9
3.5 560 ».8 2.0 2,0 690 5.3 2.3 1.1
.0 %80 4.8 2.4 2.0 610 5.3 2.7 1.2
k.5 %30 4.8 2.8 2.1 520 5.2 3.1 1.4
5.0 410 L.8 3.2 2.3 10 5.2 3.k 1.6
Constant o = 150 810 5.0 [ 3.1% LOkG 5.k 5, 5% 2.3*
Gonstant o = 20° 560 5.0 h.y® 2,92 650 5.4 5.2% 2.3%
Constant o = 25° %00 5.0 b2 2.6% ko 5.2 h,7% 2.4
Boonstant 6 = P T30 4.6 2.3% 1.8% 1200 5.0 2,48 1.0
Constant @ = 5° 510 4.8 2,3% 1.7% T00 5.8 2,58 1.1%
a = 15% to nz = 4.0 17%0 k.1 2.6 3.8
k.5 1550 k.2 3.1 3.6
5.0 1360 h.2 3.5 3.5 2900 5.1 3.8 1.6
o = 20° to ng = 4.0 1320 4.2 2.6 3.2
A5 1180 L3 3.1 3.1 2200 5.0 3.3 1.5
5.0 1040 LR 3.k 3.0 1800 5.2 3.7 1.k
34k ,000 a = £59 to ng = 4.0 120 k,2 2.6 2.9 2100 5.1 2.8 1.3
feet k.5 970 5.5 3.0 2.9 1520 5.1 3.3 1.3
5.0 830 [ 3.4 2.8 1200 5.2 3.7 1.3
Constent a = 15° 1150 4.8 6.5° h,2%
Constant o = £0° 180 h.6 6.78 k., 0%
Constant, o = 25° 560 k.6 6.5% 3.9 6ho 4.9 T.48 3.5
"~ DPgonatant § = ~2° 780 b2 3.58% 2,28 #1200 5.0 3.6 1.k

8Dons not occur at maximm q; ell others do closely.
byi1l pot recover to level flight; entry ends in mild dive,
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Figure 1.~ Pilot control stick and imatrument panel.




Dimensional :
S = 200 ft*
t=s 109 ft
itm,: -40° +2E°
Mass :
W= 30,000 ib gross, 12,000 burnout
I,= 75,000 slug-feet® gross, 50,000 burnout

Propulsion:
T=60,000 Ib ; Specific impulse = 260 sec; Propulsion time = 78 sec

Flgure 2.- The assumed aireraft and certain pertinent charecteristics.

ot

LOSOSY W VOYN




NACA RM AS6FOT

[.O

O

SONRER
\\ “

TS~ 28°

‘\\\\‘
\ 1 24.

I~

\\\\\
A\ \\\ \ 2Q°
\ \ I6°
f\ \\\ [~ 120
\\\ \\ ge
— | .
00
N \\\\ ta
- T 1— | 28
\\ ST — | 24
\\\\ 20°
™~ T 16°
e —— "8:".’:
— °°

0] 2 4 6

M

Flgure 3.- Assumed lift and drag characteristics.
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(c) Damping parameter.

Figure 4,- Assumed aerodynamic pitching-moment characteristics,
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(a) Steady-state conditions,

Figure 5.,- Flight to an altitude of 260,000 feet and return; progremmed
engle of attack.
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Figure 5.- Conecluded.

(v) Computed dynamic cheracteristics,
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Figure 6.- Entry from 260,000-foot peek altitude; speed brakes off,
programmed o = 20° to ngz = 3.5g.
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Figure T.- Entry from 260,000-foot peak altitude; speed brakes off 3
progreammed o = 20°,
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Figure 8.- Entry from 260,000-foot peak altitude; speed brakes off,
. progremmed 6 = 5°.
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(a) No attempt by pilot to damp oscillations.,

Figure 9.- Standard piloted entry flight; no artificlal damping.



NACA RM A56FQOT

(b) Demping of oscillations attempted by pilot.

Figure 9.- Concluded.



8 SNSRIk NACA RM AS6FQT

2
N 12
=]
R
L
)
a
- © 8
[ [+b]
@ -
o Flg g
Qo 4 =
£ ~~
=]
-
c
s |
|.2 1 I 1 T | T N
Feedback qearinq,KLKs,sechl.OO// ldenféf)ymg number
“n
. Y
= .8 <
=] A .
- / 0'6}'/‘ @
U, Ll
£ r
a -
e = -025T= (@
a =1 L ] ]
St N I
—__L—a--1
o,
U‘ l-s
o
>
L 5
x> /A/
- Ang
= 8 4
= d
:.(T_')
c
@
w 4
e
1= ~—
S

200 180 160 140 120 100 80
Altitude x 1073, ft

Figure 10.- Standard programmed entry flight; computed dynamic character-
istlics for four values of gearing of artificisl-dsmping feedback.
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(2) Artificisl-demping feedback gearing, KgKg =

Figure 11.- Stendsrd piloted entry flight.
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(v) Artificial-damping feedback gearing, KgKs = -0.6.

Pigure 11.- Continued.
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(e) Artificial-damping feedback gearing, KgKg

Figure 11.- Concluded.

-1.0.
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Figure 12.- Standard programmed entry flight; computed dynamic character-
istics with Cug » Cmit, and feedback gearings sdjusted to give, pre-

dominently, changes in period.
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— ———— Boundaries, ratings, and pilot objections from
refarence B.

Initial response fast

ond abrupt. Gonstant/

short period which/ —
pilot excites. Must/ ,
let go of stick to / /

| domp out oscil- |
lations. Qver- |
shoots load |
 factor, requires |
constant \
qttention. \

Y
Good \
/

4
e
-
~ . ——Acceptab @

l
—
—

\ %

A S o @ T
Sidaqish Initial resfonse, ~ ~—
then osciilatory /Pilot over

2 e trols, tends” to exceed
"= | load factor. Responsa very % Initiol response sluggish.
Lots of gtieX motion required to maneuver.
- Wt to trim,
Fig 12 &)
0 I I 1 ]| 1 | 1 I 1 |_ 1
0 .2 4 .6 .8 1.0 .2

Damping ratio, §

Pigure 13.~ Comperison of simulator resultes wlth those obtained in flight wlth a variable~stablility

airplane.
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Figure 1k.- A portion of a piloted ascent to 260,000-foot peak altitude,
KgKg = -0.6.
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Figure 15.- Effect on pesk altitude of a constant error in programmed
angle during ascent.
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Figure 16.- Use of space control during ballistic portion of the trajectory.
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